OBJECTIVES: The outcome of locally advanced non-small-cell lung cancer (NSCLC) patients with pathological complete response ( pCR) -pT0N0 -after induction chemoradiotherapy (IT) followed by surgery has, to date, only rarely been investigated. The long-term results in this highly selected subset of patients were evaluated and reported here to identify any predictive factors associated with prognosis.
INTRODUCTION
Locally advanced Stage III non-small-cell lung cancer (NSCLC) represents a therapeutic challenge with variable options [1] . In the American Association of Chest Physicians (AACP) evidencebased clinical practise guidelines, it is stated that 'in NSCLC with N2 disease identified preoperatively (IIIA) induction therapy followed by surgery is NOT recommended except as part of a clinical trial' [2] . Nevertheless, even considering that a positive prognostic impact of surgery in multimodality treatment is not yet completely validated or still based on a small number of trials and patients [3] , in numerous institutions such as our own, surgery is the most accepted treatment after induction concurrent radiochemotherapy (IT) in the subset of patients with a complete or partial response to the IT itself or those with a stable disease and evidence of technical feasibility of a resection with radical intent [4] . In fact, there is consistent evidence that downstaging after IT is directly associated with an improvement of disease-free survival (DFS) and a lower distant recurrence rate [5] .
In detail, the patients operated upon after a favourable clinical restaging who show a pathological complete response ( pCR) are not so numerous. However, these patients are indeed the optimal candidates to undergo surgery after IT since they achieve good to very good long-term survivals (LTSs) [4, 6] . To the best of our knowledge, there is no report about any in-depth analysis performed in this sub-class of patients: information is therefore incomplete and many important issues are still debated.
The aim of this study was to assess and report about a comprehensive analysis of the clinical and pathological characteristics of patients with pCR after surgery who had been administered concurrent induction radiochemotherapy. Data on long-term result in terms of LTS and information on prognostic factors are described in detail and discussed.
MATERIALS AND METHODS
We conducted a retrospective review of a prospective lung cancer database to select the clinical records of 37 locally advanced (non-N3) NSCLC patients who, upon a favourable clinical restaging status, were operated on following IT in the period between January 1992 and December 2009.
Institutional Review Board approval had been preliminarily obtained for the use of data stemming from standard clinical practise for research purposes. No additional interventions were planned (retrospective observational study).
Based on the information available from the clinical records, demographic and clinical features were collected and taken into consideration in the statistical analysis. Follow-up data were obtained from our database or, in some cases, by direct telephonic interview ( privacy-related issues were covered by comprehensive informed consent) with patients or, in the case of a death, with representatives from the family (next of kin). All patients had at least 1 year of follow-up.
Inclusion criteria to the multimodal treatment were previously reported [4, 7] . In particular, the patients with multilevel mediastinal nodal disease were treated with induction (neoadjuvant) intent only if a complete surgical resection was deemed feasible before the induction therapy was administered (inoperable but resectable cases). In the present study, we have also excluded patients with contralateral nodal metastases (N3), extranodal extension at mediastinoscopy, unresectable T4 disease ( pleural effusion and oesophageal invasion) or severe cardiopulmonary impairment precluding surgical resection.
Staging was performed according to the process detailed in [7] . In brief, all patients had consistent and thorough clinical and pathological staging (before IT) and (clinical) restaging before operation. In particular, in all cases, mediastinal involvement was always pathologically proven (or excluded in those cases with pN0-N1) before IT by endoscopy (trans-bronchial/transoesophageal) or via collar mediastinoscopy or anterior procedures (Chamberlain's mediastinotomy). During the study period, the positron emission tomography (PET) scan was not always available in our institution; however, from 2005, this has been used for staging purposes in selected patients. Similarly, all patients underwent homogeneous restaging procedures (substantially based on imaging technique-computed tomography (CT) or PET/CT features-more than on invasive or mini-invasive procedures) and surgical operations. One physician (P.G.) coordinated the multidisciplinar activities around the staging (clinical and pathological) and restaging processes and performed or monitored all the surgical operations. This fact, by reducing most of the confounding factors often affecting retrospective analyses, warrants the quality and homogeneity of the information collected.
Induction therapy
Procedures and schedules regarding the IT protocols are extensively described in [7] ; in addition to minor changes in the selection of drugs used-uniformly platinum-based compounds (CBDCA and CDDP) plus 5 fluorouracil (5-FU) up to the introduction of gemcitabine (GEM) in the substitution of 5-FU (Table 1) -there has been a change from 2-to 3-dimensional conformal radiotherapy methodology in 2002. The total administered RT dose was 50.4 Gy in all cases with the classic or hyper-fractionated schedules. In every case, the treatment was supported by CT planning.
A complete clinical and radiological restaging was performed 4-6 weeks after the last pulse of the treatment. Clinical restaging status (yTNM) was assigned using the modified World Health Organization criteria [8] .
Surgery
When indicated, surgery was performed on average 2 weeks (from 10 to 17 days) after the clinical restaging procedures (thus, approximately 6/7 weeks after the last pulse of the IT). A parenchymal resection to an extent lesser than a lobectomy was considered as oncologically inappropriate and never performed. Systematic mediastinal lymph-node dissection of levels 2, 4, 7 and 10 was performed in all cases.
Regardless of the gross nodal involvement, Stations 5 and 6 were removed in the case of left upper lobe lesions, whereas a modal dissection of Station 9 was performed after lower lobectomy. All the mediastinal tissue containing the lymph nodes was dissected and removed systematically within typical anatomical landmarks. The resection was considered complete (R0) if the proximal resection margins and the highest mediastinal resected node were free of tumour. Pathological review was performed using standard techniques, and immunohistochemical staining was used when appropriate. Surgicalpathological stages were assigned according to the sixth TNM classification system and the International Staging System for Lung Cancer [9] , and data from patients observed and treated before 1997 have been updated to coherently match the sixth TNM and to obtain homogeneous staging information through the entire cohort.
In particular, a pathological response was defined as complete when no viable tumour cells were detected in the surgical specimen: a final pathological Stage 0 (T0/N0/M0) was then assigned.
Patients with only microscopic foci of disease (<0.5 cm in diameter) were considered to have a residual T1 disease and were excluded from the study group.
With respect to the surgical and pathological features, we collected details on the extent of resection, the pathological staging, the completeness of resection, the mediastinal stations involved, the number of the lymph nodes removed and the perioperative morbidity as well as mortality rates.
Statistical analysis
Patients' characteristics were described by mean, standard deviation, median, minimum and maximum for continuous variables, and frequencies and percentages for categorical variables. Furthermore, the summary statistics were stratified by the outcome measures: mortality; total, local and distant recurrence.
Time-to-event analysis, at 3 and 5 years from surgery, was performed on these outcomes by means of Kaplan-Meier survival curves and log-rank tests. From surgery, it was performed on these outcomes by means of Kaplan-Meier survival curves and log-rank tests. Median survival (or DFS) ± standard error, 95% confidence intervals (CIs) and P-values have been provided, considering the entire time of follow-up.
When the upper bound of the 95% CI lay outside the observed timeframe, the last time of follow-up was reported. Multivariable analysis was performed with the Cox proportional hazards regression model to assess the prognostic role of several variables on patients' survival and development of recurrence. The following variables were considered as potential confounders in the multivariable analysis: age, sex, cTNM, tumour size, lymph-node involvement (single or multiple station), toxicity, yTNM, resection type, histology, adjuvant therapy. Despite the limited sample size, the parameters to be considered for the multivariable analysis were chosen in accordance with the clinical team, based on their impact on the mortality and recurrence of the tumour. Final models included only actual confounders identified through a forward selection procedure. For all tests, P-value <0.05 was regarded as statistically significant.
Statistical analyses were performed using SPSS for Windows (version 13.0; SPSS, Inc., USA) and STATA software package (STATA/SE version 10.0, Stata Corp., College Station, TX, USA).
RESULTS
From January 1992 to December 2009, a total of 195 consecutive locally advanced (T1-T4/N0-2/M0) NSCLC patients entered multimodal treatment with induction concurrent chemotherapy and radiotherapy (IT group). As showed in the consort-type diagram ( Fig. 1 ), after restaging, 137 patients (in good clinical and functional conditions) with partial/complete response or stable disease after IT were explored surgically. Among these, at pathological staging, 37 patients (19% of the overall and 27% of those subject to surgery) showed a pCR and their data were considered eligible for the purposes of this retrospective analysis.
The mean age and male/female ratio within this group were 61.9 ± 9.8 years and 33/4, respectively. Table 1 shows data regarding demographic, clinical, surgical characteristics and staging of patients before IT (TNM), after IT (yTNM) and after surgery (pTNM).
Before IT, the majority of patients (35 patients, 95%) were in cStage III, apart from 2 cases in cStage IIb (both staged as cT3N0M0). Moreover, patients were mostly enrolled to multimodal treatment due to N2-status (31 patients, 84%) and the remaining (6 patients, 16%), advanced T-status.
Toxicity was generally mild and entirely manageable without treatment interruption, although nausea and vomiting were experienced by most, this datum clarifying the high overall toxicity rate (49%). Apart from gastrointestinal symptoms, the most common significant treatment-related toxicity encountered was myelosuppression. No patient experienced a severe-grade toxicity (G4), neither neurotoxicity nor nephrotoxicity.
As expected, the restaging process (substantially based on radiological-CT and PET-CT findings-procedures) was somewhat inaccurate, where only 11% of all patients were correctly restaged as Stage 0 and about 35% assigned to Stage III.
Pneumonectomy was performed in 7 (19%) patients only and squamous cell carcinoma was the most frequent histotype at the pathological evaluation (Table 1) .
Overall, the 30-day mortality rate was 3% (1 case of respiratory failure associated with bronchopleural fistula after right pneumonectomy). Postoperative complications occurred in 10 patients (overall morbidity rate = 27%). Among the 7 minor complications (19%), 3 were supra-ventricular arrhythmias (medically treated), 2 were a persistent air-leak and the remaining 2 cases consisted of lobar pneumonia that required prolonged antibiotic therapy. Regarding the 3 major complications (8%), 1 patient experienced myocardial infarction requiring specific care, surveillance in intensive care unit and long-term rehabilitation, 1 had lobar pneumonia, which required 72 h of mechanical ventilation and lastly 1 had postoperative bleeding treated with surgical re-thoracotomy performed in emergency.
After surgery, 22 (59%) patients underwent adjuvant therapies ( Table 1 ). The administration of additional anticancer treatments after surgery was left to the discretion of the treating medical oncologist. The patients received either chemotherapy (14 patients; 38%), radiation (2 patients; 5%) or both (6 patients; 16%). Adjuvant chemotherapy consisted of platinum-based protocols (two or three courses); in detail, 9 patients received docetaxel and cisplatin, 8 received GEM and cisplatin and 3 received GEM and carboplatin combinations. Exclusive radiation therapy was inclusive of a boost of 20 Gy (total dose) at 2.5-3 Gy per day.
Pattern of recurrence after surgery
The patterns of recurrence after surgery are described here and summarized in Table 2 . Overall, during the follow-up period, the disease recurred in 17 patients (overall recurrence rate = 46%). Among those who experienced a recurrence, the mean (±stand-ard deviation) follow-up time was 35 ± 33.4 months.
In most cases (12 patients), the disease relapsed more often in a distant site (distant recurrent rate = 32%) than locally (7 patients, local recurrent rate = 19%). The most common site of relapse was the brain (Table 2) . Two patients simultaneously experienced a relapse of disease locally and at distant sites, 12 and 48 months, respectively, after surgery.
Interestingly, patients who underwent pneumonectomy presented a different pattern of recurrence after surgery when compared with patients who underwent lobectomy or bilobectomy (Table 2) . Indeed, while the overall recurrence rate was similar (43 after pneumonectomy vs 53% after (bi)lobectomy), the local recurrence rate was substantially different (local recurrence rate: 23 vs 0%); in this setting, we could speculate about the achievement of a different control of disease according to the extension of the resection (better local control after pneumonectomy), this in turn very probably influenced the rationale of adoption of different therapeutic strategies in the adjuvant setting.
The pattern of recurrence was also influenced by the administration of adjuvant therapy. In particular, of 20 patients who underwent adjuvant chemotherapy (administered alone in 14 patients and combined with radiotherapy in 6, Table 2 ), only 4 experienced a distant relapse (distant recurrence rate = 20%), while a recurrence occurred in 8 of the 17 who did not undergo systemic treatment after surgery (distant recurrence rate = 47%).
The recurrent disease was prevalently treated with nonsurgical therapies (mostly by systemic treatment), although in 3 cases with very long-term disease-free intervals (defined as the period between the pulmonary resection and the time of recurrence), a surgical resection (1 adrenalectomy, 1 single brain metastases resection and 1 pulmonary 'wedge resection') was carried out.
Long-term outcomes and prognostic factors
The follow-up period for mortality and tumour relapse started from the first day after surgery for all patients and ended at 167 
In 2 cases, local and distant relapses occurred simultaneously. months (13 years and 10 months) with 1 patient still alive and without evidence of disease. The overall mean (±standard deviation) follow-up duration was 59.9 ± 38.5 months. The median time for survival was 86 ± 15.8 months (95% CI 36-167), and 80 ± 15.4 months for recurrence (95% CI 26-167). Three-and 5-year estimated overall survival (LTS) rates for the entire cohort of patients were 67 (95% CI 49-80%) and 64% (95% CI 46-77%) as reported in Fig. 2A . Similarly, 3-and 5-year estimated overall DFS rates were 68 (95% CI 50-81%) and 61% (95% CI 43-76%), respectively (Fig. 3A) .
Survival rates calculated according to clinical, surgical, pathological and postoperative variables (Table 3) demonstrated (P-values from the log-rank test) that a better outcome could be expected in patients with initial N2 'single-level' involvement when compared with patients with initial N2 'multiple-level' involvement in terms of both 5-year LTS (100 vs 50%, P = 0,010) and DFS (90 vs 50%, P = 0,031) as reported in Fig. 2B .
The median LTS time for the group of patients with singlelevel involvement was at 127 ± 14.8 months (95% CI 61-167), while the last death in the multilevel involvement group was observed at 37 months of follow-up, with 11 patients at risk (50.4% survival; P = 0.136). The median DFS time for the group with single-level involvement was 124 ± 12.5 (95% CI 48-167) vs 71 ± 37.5 months (95% CI 18-114) for the multilevel group (P = 0.043).
The type of resection also influenced the outcome of patients with pCR; in fact, patients who underwent pneumonectomy had a poorer 5-year LTS compared with those subjects who underwent lobectomy/bilobectomy (5-year LTS: 72 vs 29%, P = 0.005; Fig. 2C ), but no significant differences were found in terms of 5-year DFS (5-year LTS: 72 vs 42%, P = 0.121). The median LTS time for the group of subjects who had pneumonectomy was 17 ± 9.2 months (95% CI 1-66), while the group who had bi/lobectomy had a median LTS time of 127 ± 2.6 months (95% CI 61-127; P = 0.014). The median DFS time for the two groups was 24 ± 14.9 (95% CI 5-167) and 80 ± 9.5 months (95% CI 41-124; P = 0.581), respectively.
Moreover, a better long-term outcome could be predicted in patients who underwent adjuvant treatment compared with those who did not (5-year LTS: 86 vs 40%, P = 0.001, Fig. 2D ; 5-year DFS: 81 vs 46%, P = 0.031, Fig. 3B ). On the contrary, no differences in long-term outcomes were found when comparing other selected factors ( Table 3 ). The median LTS time for the adjuvant therapy group was 127 ± 9.6 months (95% CI 66-167), while that for the non-adjuvant group was 27 ± 6.4 months (95% CI 15-111; P = 0.016). The median DFS time for the two groups was 124 ± 7.3 (95% CI 80-167) and 24 ± 12.3 months (95% CI 12-72; P = 0.002), respectively.
From the Cox multivariable regression analysis (Table 4) , it emerged that adjuvant treatment was an independent prognostic factor in such patients. In particular, a 5-year hazard ratio (HR) for mortality of 8.21 (95% CI 2.16-31.16; P = 0.002) and a 5-year HR for recurrence of 5.43 (95% CI 1.60-18.44; P = 0.007) were estimated for the group of patients who did not undergo adjuvant therapy after surgery vs those patients who did. Moreover, local and distant DFSs were proven to be slightly different in patients with pCR according to the administration of adjuvant therapy (Fig. 3C and D) . In detail, adjuvant therapy (mostly composed by systemic treatment in our sample, see Table 4 ) seems to have guaranteed a better control of disease at 
distance. In fact, the 5-year HR of a distant recurrence was estimated as 3.24 (95% CI 0.89-11.77; P = 0.073) times higher in patients who did not have adjuvant therapy than those who did have administration of adjuvant therapy.
DISCUSSION
Approximately 30% of patients with NSCLC present with Stage IIIA: of these, 32% are lost to distant metastasis and one-third due to insufficient local control [1] . The best strategy of care in these patients is still a forum of open debate as demonstrated by the very numerous number of studies recently published on this topic. Starting from the observation that neither primary surgery ( poor survival as reported in historical series [10] ) nor a combination of radiotherapy and chemotherapy without surgical resection [11] could achieve satisfactory long-term outcomes, in the early 1990s, several teams, including ourselves [4] , have investigated the role of surgery after induction therapy. The belief was that surgery positively impacted on the chances of achieving loco-regional control in locally advanced diseases, and these experiences have brought encouraging results. As reported by the EORTC-08012 multicenter randomized trial [12] , the clinical rationale for induction therapy in locally advanced NSCLC was four-fold: (i) the integrity of tumoural vascularization provided a better drug supply to the tumour before any surgery; (ii) regression of the primary cancer and mediastinal involvement could be achieved, thereby facilitating and simplifying or reducing subsequent surgery; (iii) undetected micrometastases could be dealt with at the start of treatment and (iv) the inhibition of the surgical stimulus to any residual cancer was facilitated.
Therefore, multimodal therapeutic strategies including surgery performed after 'full' chemoradiation schedules (administered with doses and schedules intended for exclusive treatment [6] ) have spread thereafter, probably also due to the advances in surgical technique and postoperative care that have made these approaches feasible with acceptable morbidity.
Thus, although a positive prognostic impact of surgery in the multimodality treatment is not yet completely validated or still based on a relatively small number of trials and patients [3] , there is some evidence that a complete surgical resection in the subset of patients with a complete or partial response to the IT 'is associated with the best LTS prognosis' as reported in the IASLC Consensus Report published in 2003 [13] (although IT was proposed in the context of controlled clinical trials only).
Therefore, following the line of extreme simplification, it is possible to state that surgery should be performed in patients with a complete/partial response after IT only (although 'salvage surgery' for persistent N2 disease after IT may be sometimes considered in selected cases [6, 7] ). In this setting, the restaging process after IT has gained an increasing interest in the scientific community, its role being very pivotal to identify 'who returns to the surgical arena' [6] . Even considering the whole spectrum of procedures (from non-invasive radiological tools to more invasive surgical approaches), the restaging assessment often failed to predict the actual pathological response in such patients. In particular, standard staging procedures, such as CT and magnetic resonance imaging, are of limited value in the evaluation of objective response after IT because of their intrinsic inability to differentiate between viable tumour and necrosis or scarring on a morphologic basis, thus resulting in low accuracy in staging either the primary tumour or mediastinal lymph nodes. As well, PET-CT scan provides additional metabolic information on N-stage of the tumour, but it's role in restaging is still controversial. Consequently, we still do not have a clear understanding of the value of the response to the IT when this is followed by surgery and, thus, the process of selection of best candidates for surgery stays, in the best scenario, sub-optimal.
In spite of these limitations, worthy of mention is the fact that patients treated with IT who achieving a pCR at surgery show very rewarding survival patterns [14] [15] [16] [17] [18] [19] [20] [21] (Table 5) .
The aim of this study was to extensively analyse the long-term outcome and to investigate the patterns of failure after surgery and the prognostic factors in this particular group of patients.
First of all, our data suggest that pCR may be obtained in a significant proportion of patients treated with an IT protocol (27% of all patients who underwent surgery in our experience), and this result may be achieved with acceptable treatment-related toxicity and surgical morbidity. The addition of radiation therapy (especially when an high-dose treatment is administered) in induction therapy protocols is considered to impact more positively the chances of obtaining a complete response at the moment of surgery than those administered on chemotherapy-only based regimens (Table 5 ). This evidence has been also reported in the recent ESMO clinical practise guidelines [22] ('… the rate of complete pathological remission with neoadjuvant chemotherapy is lower than with chemoradiotherapy …'), probably due to a more effective loco-regional control (as demonstrated by the low local recurrence rates that are generally reported following the application of schemes including radiation therapy, including our own protocol). In this setting, Cerfolio et al. [6] have recently analysed the 'flow' of patients enrolled in a multimodal protocol for locally advanced Stage III NSCLC. The authors reported that only about 30% of patients who underwent IT 'come back to the surgical arena'; they further speculated that 'there are several reasons why patients did not return for definitive surgical ( pathological) restaging'. The most common was a lack of response to therapy.
Thus, the real challenge in the multimodal strategy of care in locally advanced NSCLC is not exactly the LTS in 'responder' patients who undergo surgery, but actually the intrinsic 'response' to the IT itself.
In other words, the search for the best effective induction protocol (optimal clinical response with acceptable risk) is crucial to extend to a larger part of subjects the benefits of the surgical resection in terms of better local control of the disease. Our protocol, although with some elements of heterogeneity due to the change of drugs and RT planning in the last two decades, was inspired by the results of the Southwest Oncology Group (SWOG) trial 8805 [23] , and based on the consideration that radiation therapy combined with a platinum-based systemic treatment, and administered at 'full' therapeutic doses even in the preoperative setting could be very effective in obtaining a partial/complete response in a significantly large percentage of subjects who underwent surgery and with acceptable toxicities. The SWOG trial, with figures dramatically different from those reported in other similar experiences, reported that 85% of Stage IIIA patients and 80% of IIIB patients could undergo surgery after IT. Our data substantially confirm this finding: in fact, on 195 consecutive locally advanced NSCLC patients who were enrolled in the IT protocol, 137 (70%) were surgically explored and, among these, 37 (27%) showed a pCR. This evidence, along with the good LTS rates in this group (64% at 5 year), is remarkable when compared with data from similar scenarios available in the literature (Table 5 and ranging from 48 to 67%), and when matched against the very poor survival related with the stage at the moment of diagnosis (cIIIa and IIIb).
In particular, in a large series of 233 Stage III NSCLC, analysed retrospectively by Kim et al. [20] , the reported long-term outcome after a trimodality treatment (induction radiochemotherapy followed by anatomical surgical resection) with many similarities to our own shows a pCR of 22% with a good 58% LTS, this being significantly higher than that of patients with residual diseases (P = 0.012). No further stratification has been realized. In such a similar scenario, we pushed the analysis a bit further and could outline how the pattern of mediastinal lymph nodal involvement at diagnosis ('multiple stations' vs 'single station') stays as a strong prognostic determinant. This is also true when a pCR is achieved independently at the moment of diagnosis (with IT before surgery- Table 3 and Fig. 2B ). Indeed, patients with initial mediastinal involvement of a single lymph nodal station showed an impressive 5-year LTS when compared with those with multiple-station involvement at diagnosis (100 vs 50%, P = 0.010; DFS: 90 vs 50%, P = 0.031). Indeed, our data stem from a small population, selected with strict criteria and treated with a scheme that can be easily defined as relatively aggressive compared with those reported in the literature. These features must be kept in mind when giving a clinical value to the reported figures. Moreover, what is to be discussed further about the results of our observation is the fact that 15 patients (a good 41% of the entire cohort) were Stage IIIb at the moment of diagnosis. Of course, these cases were well within the characteristics of those described to have a better prognosis in the IIIb group, sub-classes (selected T4s, N0s) on which we have extensively speculated in a very recently reported experience [24] .
On a different aspect, an accurate analysis of the survival data matched with the pattern of failure after surgery may highlight some critical points in the strategy of care of the patients whose data have been analysed. The overall local recurrence proportion is substantially acceptable (19%), while the distant control of the disease is quite poor (32%), with a fairly high occurrence of brain metastases (14%). In detail, only 1 patient (of the 5 patients who had brain metastases) had received adjuvant chemotherapy after surgery and none of the 5 was submitted to prophylactic cranial irradiation (PCI). Despite the fact that PCI has been indicated-in a large multicenter randomized trial [25] -as a valuable tool to produce a reasonable reduction in the brain metastasis rate even in IT protocols, and considering that our data seem to confirm the clinical rationale of this treatment even in pCR patients, not enough data are available, so far, to draw definitive conclusion in this setting.
More generally, the role of adjuvant treatment in patients who underwent radiochemotherapy before surgery is unclear and its value and impact not completely understood. In our population, a significantly better outcome has been observed in those treated with adjuvant therapy. However, these figures come from an observational exercise and suffer from the lack of a randomized approach (5-year LTS: 86 vs 33%, P = 0.001, Fig. 2D ; 5-year DFS: 81 vs 46%, P = 0.031, Fig. 3B) .
From a theoretical point of view, and based on the evidence reported so far, we can assume that a strategy of care based on a trimodal sequential protocol (RT + CHT then surgery then CHT) could represent the most effective treatment in patients with locally advanced Stage III NSCLC. A similar strategy was proposed and reported by DeCamp et al. [15] . In detail, the authors have evaluated the feasibility and efficacy of a multimodal protocol consisting of hyper-fractionated radiotherapy with concurrent chemotherapy ( paclitaxel and cisplatin) followed by resection and postoperative chemoradiation for IIIA/B NSCLC patients. With respect to feasibility, 77% of patients completed all therapy; a pCR was observed in 11% of patients and a partial response in 41%. Survival of patients with pN0 was more than 55% at 5-year; finally, the authors reported a very low loco-regional recurrence rate (about 9%), while distant recurrence rate topped up to 45% (brain metastases occurring in half of these cases).
Despite these encouraging results in terms of pCR% and LTS (substantially confirmed by our experience), even considering the clinical issue related to so much aggressive planning of care, we do not recommend any therapeutic algorithm, but strongly advocate a prospective randomized methodology in order to clarify the efficacy of adjuvant (chemo and/or radio and/or PCI) therapy even in the situation where an induction therapy with chemoradiation followed by surgical resection allows the subject to obtain a pCR.
We are aware of the fact that a strategy with such a degree of aggressiveness could slightly limit the number of patients completing the study, but we believe that a selection (based on strict clinical criteria) is, de facto, not a limitation but a strength of the multimodal strategy that should be indicated only in carefully selected patients.
Limitations and strength
Our report has the usual limitations of retrospective monocentric studies (the long duration of patients' inclusion and the limited absolute number of patients). After IT, an invasive restaging was not systematically performed in our series. Moreover, the lack of defined randomization algorithms in the inclusion criteria to apply adjuvant therapy after surgery represents a further significant limitation. Finally, we wish to mention other two shortcomings, restricted to the clinical impact of the present study: (i) all clinical, biological or histological predictors of pathological response detectable at the time of diagnosis, during induction therapy or before a planned resection remain still elusive; (ii) the inaccuracy of the restaging procedures limited the detection of the actual (real) rate of patients with pCR.
Consequently, the prognostic stratification may be done only on the basis of the pathological assessment of the disease and not before IT administration or before surgery.
Despite all the limitations mentioned above, this study investigates (in a large long-term monocentric clinical setting) a highly selected group of NSCLC patients who underwent IT followed by surgery and had a pCR. This adds, in our opinion, new information potentially useful to tailor a likely better strategy of care for these patients.
CONCLUSIONS
In spite of the very encouraging results in multimodality treatment for locally advanced NSCLC, the challenge still remains in identifying the best IT protocol able to obtain high response rates with acceptable associated toxicity. The preoperative selection of patients who really benefit most from surgical resection is still unclear as well. Our data suggest that a combined induction chemoradiotherapy approach may obtain a high rate of complete pathological response (27% of the surgical group), and a very rewarding survival (5-year LTS up to 64%) could be expected in such patients, especially if a single mediastinal station was involved at diagnosis. Moreover, after surgery, adjuvant chemotherapy seems to be associated with a better LTS, particularly in terms of better control of the distant disease. A possible approach based on a trimodal four-step sequential protocol (RT + CHT followed by surgery followed by CHT) needs to be validated by large prospective, controlled clinical trials.
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patient who was too sick, or the frail or older patient, who didn't receive chemotherapy.
Dr Lococo: Of course, this is a limitation of the study, that it is retrospective. Adjuvant treatment was administered according to the opinion of the oncologist. Moreover, there are no guidelines to say who can really benefit from adjuvant therapy. So this is just an interesting finding that we have retrospectively observed in order to perform further investigation on this topic.
Some other authors in the past have tried to understand if there is a rationale for adjuvant therapy, even in multimodality treatment. There is, for example, a German multicenter randomized clinical trial which has demonstrated the benefit of adjuvant therapy and also prophylactic cranial irradiation in patients with stage III, in which induction radio-chemotherapy followed by surgery was performed. Apartment from this, there is no evidence in literature.
Dr P. De Leyn (Leuven, Belgium): You showed that patients who were baseline multilevel N2 disease are not good candidates and do not have a good survival even when there is a pathological complete response. Do you think these patients should not undergo surgical multimodality and maybe be treated immediately with radio-chemotherapy? Dr Lococo: A good question. As you saw in the slide, we enrolled patients with multiple N2 station disease only when there was no evidence of bulky disease and it was considered as potentially technically resectable disease. Of course, we have excluded by this study all N2 disease that we considered bulky or not resectable, because this could represent a bias of the study. We have also excluded N3 disease and some T4 disease (for example pleural effusion or esophageal invasion), just to avoid this bias.
